###### Strengths and limitations of this study

-   First Australian case-study of a surgical unit examined in terms of its workspaces and practices.

-   First study to investigate the use of mobile methods to understand Work-As-Done by healthcare professionals when delivering patient care with the potential for a new method for use in resilient healthcare research.

-   Detailed understanding of the strengths and challenges of Work-As-Done with implications for improving hospital environments for the betterment of the case site's healthcare workforce and patients.

-   As a proof-of-concept study, the small sample size (small, fixed team) and single site (private, affluent, metropolitan hospital serving a homogenous population group) limit the scope of the findings. Even so, the study is designed to generate in-depth, nuanced data with aspects that are transferrable to other settings, while bringing hospital management and staff into a stronger research collaboration.

Introduction {#s1}
============

Workspace design {#s1a}
----------------

Workspaces are socially constructed environments and active parts of our lives.[@R1] They are places where 'social relationships are produced, reproduced, contested and transformed' (p 532).[@R2] The primary function of workspaces is to support a workforce in delivering a service or product of the highest quality[@R3] to the benefit of a client group (also known as the 'customer', 'user' or, in the case of a healthcare workspace, the 'patient'). They are also places where employees should feel safe and healthy.[@R3] When these primary factors align, secondary benefits are psychosocial well-being,[@R5] productivity[@R8] and economic viability,[@R9] and when managed effectively, workspaces can be said to be better able to cope with the challenges that characterise the work being undertaken within them, often described as 'resilient' space.[@R3] Studies of workspace design, across different industries, have predominantly concentrated on ergonomics,[@R12] including stress and safety in the workplace.[@R14] They have assessed the effect of stress on individual and organisational productivity and job satisfaction,[@R15] leading to new sociobehavioural interventions.[@R16] The Australian National Workplace Health Project,[@R16] for example, concentrated on introducing new behavioural interventions such as healthy eating, to enhance fitness and well-being, while work in stress and safety has led to new definitions of psychosocial factors that affect strain and employee health.[@R14] Wilson *et al* [@R17] and Allen *et al* [@R18] examined absenteeism and job satisfaction with strong correlations found between higher absenteeism and workplace stress, and between lower job satisfaction and lower organisational commitment and turnover.[@R18]

Reduced psychosocial well-being {#s1b}
-------------------------------

Reduced psychosocial well-being has been described as an antecedent to lower productivity and customer satisfaction,[@R15] and is also linked to psychological withdrawal.[@R15] Having examined psychosocial well-being in some detail, Vischer[@R14] urges us to turn our attention to the physical environment, which is underexamined---its layout, makeup and objects within it that are affected by its design, and these act as strong indicators of a workforce's productivity, health and safety; what Vischer calls 'environmental psychology' (p 175).[@R14] This view is strengthened by the work of Veitch *et al* [@R20] who noted that most research in the physical environment fails to lead to clearer workspace design---leaving this still a largely uncharted territory.[@R16]

Increases in working hours {#s1c}
--------------------------

In 2015, in Australian healthcare where this study is situated, over 460 000 registered healthcare professionals are actually working a 42--72 hour-week, rather than a 38 hour-week (the prescribed number of working hours for optimal health and safety), with one in two doctors described by the Australian Medical Association as working unsafe hours.[@R21] With a growing number of hours in work, good workspace design is crucial to people's safety, productivity and job satisfaction.[@R23] According to the Productivity Commission's Report on Government health services,[@R24] at least 100 medical disasters occur each year causing death or serious harm. This includes unsafe operations, removal of wrong body parts and foreign bodies remaining after operations. Overstretched staff, crowded hospitals and lengthy waiting times, as well as a lack of individualised, appropriate care exacerbate the prevalence of such errors, with 82 sentinel events recorded in NSW alone between 2015 and 2016. Yet, despite these statistics, healthcare employees who are vital players in keeping the nation safe, are not fully engaged in hospital planning[@R25] and do not report on their workspace needs or the needs of their patients.

Increases in medical errors and error reporting {#s1d}
-----------------------------------------------

Longer work hours lead to more medical errors with 1-in-10 patient encounters currently associated with a medical error (unsafe procedure or wrong drug).[@R22] Up to 18 000 Australians die unnecessarily each year from errors,[@R26] also estimated as the third leading cause of death in the USA.[@R27] Errors result from tiredness, inefficiencies in the workplace and ill-placed technology and objects, leading the workforce to find themselves under increasing stress.[@R2] Error reporting is also on the increase globally, which in turn leads to a whistleblowing society that is said to demotivate the workforce.[@R27] A demotivated workforce can make further errors (such as an incorrect operation).[@R29] In Australia, a sudden rise in doctors' mental health problems, including burnout and suicide, has been characterised as an 'epidemic' and 'crisis'[@R30] pronounced by the ageing Australian population, with hospitalisation rates growing yearly, especially for the over 65s,[@R31] and hospitals stretched by limited resources.[@R32]

We need to urgently address the challenges outlined here, namely reduced psychosocial well-being among the workforce (including increased levels of stress, inefficiency and tiredness), and increased working hours and as a result more medical errors and error reporting. The proposed study offers a unique opportunity to directly address these significant challenges, through the translation of findings from an innovative investigation of workspace functionality and the effect of workspaces on workforces, into practical outputs to improve and ensure workspaces are safer, healthier and more productive environments for people to work together in, which in turn will reduce errors, improve psychosocial well-being and professionals\' sense of productivity and effective practice.

The hospital operating theatre, where this study will be situated, has been chosen as a site for in-depth and observational investigation, as a result of it being a space where highly technical work takes place, and where collaborative and harmonious team work is crucial to staff and patient safety, well-being and productivity. Operating theatres, where the use of space is highly regulated, are also one of the most inaccessible spaces in the hospital, making them a challenging test-bed for spatial investigation. To elaborate, Fox[@R33] proposed that there are three 'circuits of hygiene' in operating theatres that serve to protect the surgical space and those working within it---the instrument circuit, the staff circuit and the patient circuit. These all help to maintain the sterile environment, so that surgery may be performed safely. The instrument circuit ensures that the route of clean and sterile equipment remains separate from contaminated equipment. The staff circuit refers to the staff-only access points that regulate entry and exit to theatres. The patient circuit is the limited access to patient holding-rooms and the anaesthetic room. Fox argued that the architecture acts as a reminder to staff to follow sterile procedures; 'it can be \"read\" and contributes to the routines necessary for safe, sterile surgery' (p 656).[@R33] While there is a growing body of knowledge about social relationships in operating theatres,[@R33] we will use mobile methods to explore a broader suite of issues, namely workforce well-being and productivity as well as patient and professional safety.

Good workspace design is key to the quality of people's work, their safety, and well-being (happiness, health and sense of productivity),[@R23] and yet the healthcare workforce, a sector where effective function is crucial to national well-being, is rarely consulted about how workspaces should function effectively. Consequently, we lack vital knowledge about optimal hospital design in line with healthcare workforce needs, to impact positively on employees, and ultimately, high-quality, safe, care delivery.

Conceptual framework {#s1e}
--------------------

In complex adaptive systems such as healthcare,[@R36] Work-As-Done (WAD) on the front line of patient care is always different from Work-As-Imagined (WAI) by those who design workspaces. WAI and WAD are concepts derived from the field of resilient healthcare.[@R37] Assumptions about WAD from those doing WAI are often misguided, because they are founded on a misunderstanding of the healthcare environment. WAI is how the work is understood by those who are separated from the work by time or space (eg, policymakers, legislators and governments). WAI is typically a simplified view of the work that goes on, in this case in a hospital setting, but does not account for the myriad small and large adjustments that healthcare professionals must make in their everyday practice to get the work done (WAD). Due to misalignment between WAI and WAD, when rules are mandated or prescribed in terms of WAI, they can be difficult (or even impossible) to follow by clinicians working at the coalface. WAD, within a hospital setting, defines people's perceptions of their roles, responsibilities and activities, including the small and large adjustments that people make to their daily work in order to function effectively, despite the fragmented, complex, resource-restrained and challenging circumstances in which they often find themselves.[@R40] WAD includes not only work practices and perceptions, but also systems and settings, individual and group work patterns, approaches to policy and practice, 'workarounds' and accommodation of daily exigencies and aspirations for improvement. WAD in hospitals is frequently epitomised by a workforce's struggle to 'make do' in unsuitable spaces, or to find ways to circumvent, deviate from, or overcome challenges that arise. This can lead to unsafe practices and demoralisation, and until hospital spaces are adequately matched to the needs of the workforce, this could continue to lead to expensive, impactful mistakes and a lowering of standards of care.[@R36]

Studies on workspaces in Australia and internationally, have overwhelmingly focused on managers' or customers' perspectives, while the views and experiences of employees is underacknowledged.[@R42] Rarely does research encourage employees to answer questions about their work environments, and little has been done worldwide to map healthcare landscapes in terms of productivity, safety and personal health and well-being.[@R2] Furthermore, research on a human scale often prioritises questionnaires and focus group data, collected outside the workplace, rather than understanding work in situ. Without immersion in the landscape---tightly and loosely coupled ecosystems---we cannot fully comprehend how people function or understand WAD.

Mobile methods {#s1f}
--------------

Mobile methods is an innovative methodology that involves researchers undertaking data collection through observations 'on the hoof' alongside research participants.[@R43] They are useful for capturing the increasing mobilities of people, goods and objects, and can offer innovative insights into people's sense of identity, interaction and power relationships.[@R44] Mobile methods are also used to describe organisational structures, adaptation and complexity. In this study, we focus on a narrow aspect of mobile methods called 'shadowing', where a researcher 'follows selected people in their everyday occupations for a time' (p17),[@R45] and in the process, where a researcher asks people questions, often on the move, and while listening and observing what they do and to whom they speak. Shadowing allows researchers to describe and understand patterns of social, occupational and spatial engagement. Shadowing can be accomplished using a variety of forms of travel (eg, driving or taking the train), but in this study we have selected walking, for its slow, variable and flexible nature, and as a result of its appropriateness to a hospital context. Shadowing will allow us to understand the complexities of the surgical work environment, how it varies, how work is connected within and beyond the operating theatres, and how work is achieved.

There are several advantages of shadowing. First, shadowing allows a researcher to observe participants' spatial practices in situ while simultaneously accessing their experiences and interpretations.[@R46] This means a researcher can assess WAD in clinical workspaces because they can witness what people actually do in their everyday working life rather than what people say they do in experience-distant situations (such as captured in surveys or interviews). Second, mobility is such a pervasive feature of our lives, and is constitutive of modern medical work, where, for instance, a consultant surgeon may inhabit and transverse multiple spaces in order to conduct her work; a kind of choreographed set of surgical and ancillary practices. Third, because researchers engage participants in situ and encourage reflection, mobile methods have the potential to initiate or advance professional growth and social change.[@R45] Finally, shadowing is an educational technique as well as a research method, particularly in the medical and nursing fields. In a surgical context, for instance, a nurse trainee may be assigned to an experienced scout nurse whom she follows for a period of time in order to observe what the role entails. In this context, shadowing is the method used to ensure WAD is produced and reproduced between experienced healthcare professionals and newcomers. This means that the researcher holds a dual role, that of a research participant observing others' work, and that of an observer walking in the footsteps of a medical trainee who is learning about WAD. As both researcher and newcomer learn about WAD, through the process of shadowing, the method has the potential to generate deeper and more nuanced insights into the context of workspace use and professional practice, in comparison to other qualitative methods.

This study protocol outlines the methodological approach of a proof-of-concept study of WAD in a single private Australian teaching hospital's Gastroenterological Surgical Unit (from now on known as 'the case'). We will also outline some of the ethical issues specific to mobile methods and the ways in which we will manage these challenges. Using an innovative research design and a unique site, the proposed study directly addresses key gaps in current research evidence, while examining spatial design of workspace and practice. A dedicated study researcher will work alongside case members to ensure a thorough assessment of how people move through, use and adapt to different spaces, and the role space plays in people's sense of productivity, good health and well-being and safety.

Methods and analysis {#s2}
====================

Objective {#s2a}
---------

This research project will examine how spatial design of workspace hubs can influence workers\' productivity, health and safety in one Australian hospital setting.

Aims {#s2b}
----

1.  To clarify how the case workforce arrange, traverse and share workspace.

2.  To reveal how different case members manage space and the objects within it.

3.  To disclose individual and team views on WAI/WAD, productivity, health and safety and well-being.

4.  To assess how enabling and disabling qualities of space affect WAD.

5.  To define the complexities of this case, in terms of the impact of workspace on people's lives.

Study design {#s2c}
------------

This is a multimethod, qualitative study with (1) qualitative observations of spatial use, (2) informal conversations using 'mobile methods'[@R43] with the case workforce and (3) the collection of images (photographs and architectural plans) of spatial layout of one hospital's gastroenterology surgical spaces, and associated work environments. This study uses mobile methods and visual data in order to most appropriately describe and image spatial functionality. The study will be conducted between June 2018 and April 2019.

Sample and setting {#s2d}
------------------

The case site is a private teaching hospital located within the bounds of an Australian university campus, co-located with a university medical faculty, comprising 182 beds, 12 operating theatres, two cardiac and angiogram suites as well as other facilities and amenities (eg, pharmacy, cafeterias and other leisure spaces and medical imaging suite). The hospital is a privately funded, affluent, metropolitan organisation that is dedicated to a culture of continuous improvement through research and education, making it an ideal pilot site for this study. This study will examine one small, fixed-member team, which offers a typical example of a team working in this setting, caring for a culturally homogenous, predominately English-speaking population. The composition of the gastroenterology team (including one to two consultant surgeons, two scout nurses, one scrub nurse, one anaesthesiologist and one anaesthetic nurse) is typical of these types of hospital arrangements. The surgical team typically comprised one colorectal surgeon for relatively straight-forward procedures (colonoscopies or hernia repairs); however, for more complex cases (eg, low anterior resection for rectal cancer), the team may include two colorectal surgeons who work together. The case site is a relatively modern hospital (completed 2010), with cutting-edge diagnostic and treatment technology such as fully integrated digital operating suites and electronic medical records. As a result, it is a good example of contemporary Australian hospital architecture. This proof-of-concept study will generate in-depth knowledge of one case, but by doing so, will not only create research strategies transferrable to other settings, but also bring the hospital and the university staff into a stronger research collaboration with the potential of expanding to other units, settings and wards, through shared knowledge and shared goals.

Recruitment procedure {#s2e}
---------------------

### Group 1: Healthcare professionals {#s2e1}

Healthcare professionals will be recruited using purposive sampling. Prior to the start of shadowing, the research team will give a full briefing of the aims, methods and intended outcomes of the study to the core gastroenterology team, while other gastroenterology staff members will be invited to attend the meeting if they wish, so that they can raise any queries. At the end of the briefing, those willing to be involved will sign a consent form. We aim to recruit a range of healthcare professionals to ensure a wide variety of observations of spatial use and relationships.

Following any incidental interaction with members of the wider gastroenterology surgical team who were either not present at the meeting or were present but unwilling to consent at that time, the hospital staff member will be verbally informed about the study when they come into contact with the study researcher. If they elect to participate, they will sign a participant consent form retrospectively. If they elect not to participate they will not be observed as part of the study.

### Group 2: Patients {#s2e2}

Patients are not the primary focus of this study; nevertheless, in the course of shadowing fixed-team members, patients will be incidentally observed and as a consequence we will ensure recruitment is responsibly undertaken. Patients will be recruited using time-frame sampling. During the recruitment period, the first 20 patients who are due to undergo surgery with the gastroenterology team, aged ≥18 years and able to speak English, will be contacted in the order in which they are put onto the surgical team's surgery list. Time-frame sampling removes opportunistic recruitment of patients, and any researcher or hospital selection bias. It is a valuable technique when researchers are unable to predefine the sample of patients who will be attending the hospital clinic at any one time, setting an important framework around recruitment. A dedicated clinical liaison officer will undertake the recruitment and consent process on behalf of the study team in order to remove any researcher involvement until post consent. Recruitment and consent will take place prior to the scheduled day of a patient's surgery. On the day of surgery, the dedicated study researcher will introduce herself to the patient, verbally reconsent the patient and, if necessary, collect the signed study consent form.

This study will explore how staff members negotiate and move through space alongside the gastroenterology team members being shadowed. The data collection process will remain consistent with the stated aims and objectives. The researcher will not be collecting information of a personal, identifiable nature, nor any clinical details about patients and cases be recorded.

Data collection {#s2f}
---------------

### Shadowing and fieldnotes {#s2f1}

Mobile methods will provide insights into the experiences of the workforce, using the studied space, and how healthcare professionals perceive that the workspace enables or hampers their work. Understanding how staff members construct their workspace during daily routines, interactions and movement is a vital element of clarifying workspace use (aims 1--5). Mobile methods will support this assessment, enabling the researcher to move through space with others or alone, while watching and learning how surgeons, nurses, trainee doctors, students, anaesthetists, administrative staff and others from the gastroenterology team interact with one another, other hospital staff members and patients. Mobile methods will be undertaken by a dedicated study researcher (EA) for approximately 50 hours in total at different times of the day and on different days, to ensure naturalistic behaviour patterns are observed. It is important to note that the dedicated study researcher has no prior relationship with participants. This will enable a detailed examination of WAD, and the use and influence of space on routine, daily healthcare practices. This includes how staff converse with one another and with patients, and how staff interact in and across a variety of rooms and areas. Spaces may include surgical theatres, cafeterias and other leisure spaces, wards, corridors, waiting rooms and meeting rooms. Consistent with mobile ethnographic approaches,[@R43] data quality will be strengthened through a rigorous recording process; brief notes will be handwritten while shadowing, then more detailed fieldnotes will be typed up within a few days of the shadowing.[@R48] The data generated from shadowing will be spatially contextualised in pictorial or written forms in a notebook in order to take advantage of a mobile, place-sensitive method.

### Photographs, drawings and architectural plans {#s2f2}

The purpose of this component is to highlight the layout of workspace, variations between spaces (number, shape, location, size and open and closed areas), comparing the look of different spaces (eg, communal and private) and noting spatial use (aims 1, 2 and 4). The dedicated study researcher will create drawings and diagrams showing spatial layout and function, obtain the architectural plans of the areas that participants work in and take photographs of shared and private spaces, to clarify spatiality in hospital settings. This is in line with this team's prior work in the area, undertaken in primary and community care settings.[@R2] Photographs and architectural plans will allow for a better understanding of how participants see, think, feel and memorise experience.[@R2] Any images of individuals (healthcare professionals or patients) will be deidentified or destroyed.

Data analysis {#s2g}
-------------

Fieldnotes will be analysed using thematic analysis techniques[@R49] with two experienced qualitative analysts (primary and secondary) (EA and FR) working together to ensure the process is rigorous, discuss major and minor themes and their concomitant categories and arrive at consensus if variance occurs. Issues of significance will be categorised, with recurring categories organised into common themes.[@R49] The secondary analyst will examine a subsample of data to ensure methodological veracity.

Photographic data and plans will be subjected to their own discrete analysis through visual techniques that are well published, and build on team members' previous research.[@R2] The team will use a predefined schematic framework (a visual taxonomy), designed by the study lead and used across a variety of healthcare settings[@R2] that takes account of visual content and context, but also of object clustering and positioning. The taxonomy examines the 'affect' of data (the feelings to which the photographs give rise), the frequency of spatial presentation, the way objects and spaces function and what photographs reveal about professionals' working patterns. The photographs will be considered for the different social and professional practices they display and how settings reflect group and individuals' workings.

Architectural plans and photographs will be analysed by team members through group-work activity. Applying the visual taxonomy, photographs will be compared and contrasted while analysis of architectural plans will include frequency distributions of the relationship between percentage space use and spatial arrangements, and assessments of objects in spaces (distribution, frequency and clustering).

Analysis will encourage discussions of spatial arrangement and the use and usefulness of workspace. A theoretical case for optimal spatial arrangement, relating to the 'case', and based on the data collection stages, will be identified using Social Worlds Theory (SWT).[@R51] SWT will emphasise social aspects of space, including connectivity and belonging.

All data will be considered corroboratively to develop an in-depth understanding of the complete dataset, with data from the researcher's fieldnotes standing alongside the architectural plans and photographs. Team considerations of key themes and categories will be refined as data analysis continues.

Patient and public involvement {#s2h}
------------------------------

Patients and public representatives have influenced the design of this study through research that originated in the UK around the use of healthcare practitioner workspaces and their impact on professional and patient behaviour.[@R2] In this study, patients will be the subject of surgical ward and surgery theatre use and, as a result, integral to data collection. Study findings will be reported and made available to participants in an executive summary document. This will contain relevant information about study processes, formatted for general consumption.

Ethics and dissemination {#s3}
========================

Ethical considerations {#s3a}
----------------------

This study involves recruitment of the gastroenterology surgical team, gastroenterology surgical patients and any staff members from the case site who may interact with the aforementioned participant cohorts. Written informed consent will be acquired from all members of the gastroenterology team, staff members from the case site and patients. Given the potential vulnerability of patients in a surgical context, a dedicated clinical liaison officer will verbally consent patients about the study prior to the day of surgery and provide them with study information and a consent form. Patients will be required to return the signed consent form by post or electronically, or to bring it along to the ward. The clinical liaison officer will inform the dedicated study researcher of the details of the surgery so as to plan for observations. Before entering the surgical theatre, the dedicated study researcher will introduce herself to the patients, verbally re-consent patients and, if necessary, collect the signed consent form.

Ethics approval for an op-out approach was sought for this study due to the study team being unable to anticipate which hospital staff members would interact with the dedicated study researcher over any given observation period. In addition, the team developed the opt-out approach so that staff members who were incidentally observed would be made aware of the research taking place and would have the opportunity not to be involved. However, to mitigate against wherever possible, the research team will hold a staff meeting where they will outline the aims and practicalities of the study giving staff members the opportunity to ask questions or express concerns. In addition, the dedicated study researcher will wear a badge with her name and a 'research-in-progress' annotation. Posters will be placed around the surgical ward to provide details about the study as well as the study coordinator's contact details. Finally, following any incidental interaction with members of staff, the staff member will be verbally informed about the study, and given the opportunity to opt-out with data collected inadvertently, erased. The university's Human Research Ethics Committee responsible for assessing this study has granted approval for the study on this basis, with written consent gained retrospectively if necessary.

Data storage and retention {#s3b}
--------------------------

All study materials will be deidentified and data will be stored in password-protected computers belonging to the main university site or stored in a locked cabinet within secure offices. Only the named researchers on the team will have access to the data.

Dissemination {#s3c}
-------------

All data outputs will be disseminated widely, through academic and non-academic publications and presentations. Dissemination may include information about methodological developments, topic insights and gaps between WAD and WAI. Oral and poster presentations and a study report will be prepared for staff members at the site to enhance collaborative working practices and to ensure extended community engagement.

Research significance, innovation and impact {#s4}
============================================

This is the first Australian case-study of a Gastroenterological Surgical Unit examining workspace and practices, and the first study to apply this mix of methods within the Australian hospital's 'built environment'. This study, conducted in line with the study aims, is designed to lead to (1) stronger knowledge transfer between researchers, healthcare professionals and hospital managers (exchange and synthesis of ideas), (2) new understandings of spatial design and organisational productivity and (3) clearer recognition of the strengths and weaknesses of different spatial arrangements from the perspective of healthcare staff. The insights generated will demonstrate how to create a more productive hospital workforce, and safer and more fulfilling work environments for better patient care.

At the same time, the study will be rigorously designed to ensure long-term outcomes, based on well-validated research techniques, with national significance. Internationally, the field of resilient healthcare is in its infancy, in terms of methodological development, in particular in deriving suitable methods for understanding WAD by clinicians delivering patient care. The study is significant in investigating the use of mobile methods to understand WAD and has the potential for a new method in resilient healthcare research. By designing safe and harmonious work environments that support team communication and movement, we aim to build environments where surgery can function in an effective and safe manner.

Finally, this work will provide baseline data from which to develop future research in the field. A larger, multisite study would have the capacity to produce a set of clearly defined quality improvement measures (QIMs) for hospital design to drive positive change. QIMs will be a practical output for a larger, multisite study, which has the potential for national and international impact. By optimising workspace for more productive and empathic working practices, reducing healthcare workforces' stressors and enhancing staff members' physical and psychosocial well-being, the work promises to afford patients and healthcare professionals safer healthcare environments.
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